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(54) Coated catalytic converter substrates and mounts 

(57) Ceramic honeycombs used as catalyst sup- 
ports for combustion engine exhaust pollution control 
are provided with insulating porous refractory thermal 
barrier coatings (1 2) disposed on and bonded to at least 
a portion of the external skins of the honeycombs (10), 
reducing the outer barrier coating surface temperature 
to provide thermal protection for the resilient fiber sup- 
port materials (14) used to mount the supports in cata- 
lytic converter enclosures (16). 
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Description 



This application claims the benefit cf U.S. Provisional Application No. 60/049.557 filed 6/13/97 entitled "Coated 
Catalytic Converter Substrates and Mounts", by Robert J. Locker. Constance B. Sawyer and Martm J. Schad. 

Background nf the Invention 

The present invention relates to catalytic converters useful for the treatment of combustion exhaust emissions i from 

systems decreases dramatically at environment temperatures ^^^^jK^, . 
•m«wr the residual shear strength can fall below accepted minimum strength levels, levels wn cn snouio ' P'" v ' u « 

mat mounting materials under these vibration conditions can also be expected. 
Summary nf the Invention 

Tha ^Hiartiv* of the nresent invention is to improve converter mount durability at high temperatures through the use 

SsSksstmssssis 

body below the skin temperature of the honeycomb support absent the coating, when ma.nta.ned at an equ.valent non 
^TaS^ 
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eycomb temperature of approximately 950°C. Such a reduction is readily attainable employing porous ceramic barrier 
coatings having bulk densities not exceeding about 2.0 g/cm 3 and thicknesses of at least about 1 mm. 

In a second aspect, the invention comprises a mounted catalyst support assembly, that assembly comprising a 
ceramic honeycomb body incorporating a plurality of through-channels bounded by an external skin, and an insulating 

5 porous refractory ceramic coating integral with the body and bonded to all or portions of the external skin. The assembly 
further includes an enclosure comprising a metal wall for the support of the coated honeycomb body within the enclo- 
sure, and at least one layer of an inorganic intumescent material disposed between the porous refractory ceramic coat- 
ing and the metal wall. This assembly provides excellent physical protection for the ceramic substrate, while at the same 
time protecting the intumescent material from thermal damage and loss of retention strength, as hereinafter more fully 

10 described. 

Description of the Drawing 

The invention may be further understood by reference to the drawing, wherein: 

15 

Fig. 1 is a schematic cross-sectional end view of a barrier-coated honeycomb body provided in accordance with 
the invention; 

Fig. 2 is a schematic cross-sectional side view of a mount design in accordance with the invention, and 
Fig. 3 is a graph plotting converter mount shear strength levels before and after thermal aging, for both honeycomb 
20 substrate mount designs employed in the prior art and designs provided in accordance with the invention. 

Detailed Description 

A variety of different coating compositions may be applied to the ceramic support structure to provide the insulative 
25 coating layer. The particular choice of coating will depend principally on the composition of the support structure and 
the thermal and mechanical environment of the coating's intended use. Constraints on coating composition and prop- 
erties generally arise due to the nature of the intended application, with more severe environments requiring careful 
selection of both the ceramic support and its associated coating in order to achieve the length of service which may be 
required. 

30 For applications such as automotive preconverters, which are catalytic exhaust gas converters mounted in the 
exhaust system at locations in close proximity to the engine, particularly severe conditions of temperature and vibration 
are encountered. Prior attempts to provide a durable mounting system for such converters have included the use of 
intumescent mounting mats in direct contact with both the substrates and preconverter enclosure, but these have not 
been entirely successful. When the intumescent mat is in direct contact with the substrate, mat degradation in the form 

35 of encrustation or "glazing" begins at substrate temperatures above about 950°C. 

Better results have been obtained with "hybrid" mounting systems, which are systems comprising an inner layer of 
non-intumescent mat disposed between the substrate and the outer layer of intumescent mat. Non-intumescent mat 
materials having minimal degradation at 1050°C are known which can insulate the intumescent mat from high temper- 
atures of the substrate. However, multiple-mat mounting systems are undesirably complex, and introduce other prob- 

40 lems such as instability of the non-intumescent mat and lowered resistance to "push-out" of the substrate from the 
hybrid mount structure. 

The adherent insulative barrier coatings of the invention are at least as effective as prior art refractory fber mat 
coatings in reducing heat transfer from the substrate to the substrate enclosure or to intumescent mat materials lining 
the enclosure. They are also much more durable, and provide a rigid rather than resilient base against which the exte- 

45 rior intumescent mat layer may more efficiently apply retention pressure. Thus these coatings avoid the problem of fiber 
mat degradation, and decrease the likelihood of substrate slippage during use. 

A schematic illustration of a barrier-coated ceramic honeycomb body provided in accordance with the invention is 
provided in Fig. 1 of the drawing. In that illustration, consisting of an end elevational view of such a body, the honeycomb 
substrate comprises a core section 1 0 made up of a plurality of through channels traversing the core, that section being 

so surrounded by a substrate skin 12 typically composed of the same material as the core. Disposed on and integrally 
bonded with skin 12 is porous ceramic barrier coating 14. -3 

Other benefits of the insulative barrier coating include the ability to "tailor" the outside shape and/or diameter of the 
substrate, to repair damaged outer substrate surfaces which might otherwise require part rejection, to improve the 
crush strength of the substrates, and/or for other purposes related to the performance of the converter. For example. 

55 the profSe of the barrier coating may be tailored to provide a coated substrate profile with heightened end portions and 
a recessed central section. This forms a central depression in the coating wherein the intumescent mat layer may be 
recessed for protection from hot exhaust gases impinging upon the converter end face. In this way the coating provides 
a partial integral erosion seal against intumescent mat erosion. 
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Fig. 2 of the drawing schematically iHustrates a design for the ^^^^^^^ 
sion seal, consisting of a side cross-sectional elevat.onaU,ew * * into which 

refractory ceramics, i.e.. glasses, semicrystallized glasses and crysta ^hTrmS expansion to 
acteristics, the selected ceramic will be of relatively low ^Jrilt^^M s^sSidchanges in substrate tern- 
impart good thermal shock resistance to the coated composite, ^J^^ S ^^ degrade higher expansion 
perature are frequently encountered by these composrtes in use. Thermal cycling can rap.dly aegraoe g 
materials, due to differential thermal expansion of the coating. formulations based on 

Particular examples of refractory ceramic formu.at.ons for ^^^^^^^Z^on cr^\ine 
powdered refractory glasses, typically of ^ 

^increase^epo^yofsomeofthehigherdensi^ 

ticulate fillers such as graphite or other carbonaceous add H rt,V a f n ^ y B b ^f % p^osity or lower density, 

removed by firing to leave a desirable open or closed residual P°^.^^ 0 Z. or hollow fillers 

blowing agents capable of generating gases wrth.n the coatng *™* ^^ore prior to drying or firing, 

including, for example, glass or other ceramic ^^ her ^^^ ld !^ dd £ t °^ £ ircreasTtne strength of the coat- 
The latter can reduce density without increasing open porosrty. and can also serve to .ncrease tne 

EES 

nlJesfnThe range of 9 about 1 -4 mm will be adequate for al, but ^ ^^SX^S^ general* involves 

The application of particulate ceramic matenals as coat ngs to 
combining them with suitable temporary orgamc. or permanent "£^^£2S?£Eir to produce I bonded 

rrSeq— 

The substrates to which the coatings are apphed may be pre-1 red or '^J^ wher e an 

tions of the substrates and coatings. Co-extrusion of the substrate and^ ^^^^^^o^e 
extruded substrates and coating are of compatible composrtion and the substrate amenable to coai g «w 

^Slwing examples illustrate in more detail the preparation and testing of ceramic substrates whh durable bar- 
rier coatings in accordance with the invention. 
Fvam ple 1 - Application of th * Barrier Coating 

TO pro*, oompo^ so«r..o« to, ^ S^^^^T^^^^ 
and sigoitarn mtohanical .ibratioo. a oumbo, d a<trud Jl 'TZ^TZSmZt' loula^ross**tion. 

^^^^^^^^^^^^ 
ings formulations selected have compositions as reported in Table I below: 
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Table I 



Coating Formulations 


Coating Constituent 


Example No. 




1 


2 


3 


4 


Cordierite powder (jim) 


34.2 


29.1 






Cordierite powder (jim) 


34.2 


29.1 






Silicon carbide 




15.6 






Talc 






33.9 


33.9 


Alumina 






18.4 


18.4 


Silica 






12.9 


12.9 


Clay 






9.4 


9.4 


Sodium stearate 






2.5 


2.5 


Methyl cellulose 


0.5 


0.4 


1.0 


1.0 


Sodium silicate solution (40%) 




20.6 


3.7 




Graphite powder 






16.5 


32 


Hydrated alumina 






7.7 


7.7 


Water 


10.5 


22.1 


33.0 





Suitable constituents for the batch materials used in the coatings described in Table ! include Carborundum silicon 
carbide powder, Pfizer 96/68 talc, Alcan C-701 alumina, Ashbury 4740 graphite, Sil-Co-Sil silica powder, K-10 (kaolin) 
clay, Aluchem AC714K hydrated alumina, A4M methyl cellulose, and cordierite powders produced by crushing and 
grinding extruded, fired commercial cordierite honeycomb substrates such as hereinafter described. .x 

Coatings 4 mm in thickness of each of the coating formulations reported in Table I above are applied by brushing 
to the ceramic substrates. For the application of coating formulations 2-4, the substrates are sandblasted, rinsed with 
deionized water, and oven-dried prior to coating application to enhance the adherence of the coatings to the substrates. 
For the application of coating formulations 3 and 4, multiple applications of the coating liquid are used to reach the 
desired 4 mm thickness, with each layer being dried prior to the application of the next layer. 

Coating formulations 1 and 2 from Table I, comprising pre-crystallized cordierite and an inorganic sodium silicate 
binder, do not require any heat treatment to cure the applied coatings. Formulations 3 and 4, which include reactive min- 
eral powders and a graphite burn-out additive for enhanced porosity but no silicate inorganic binder, are cured by 
means of a further faring step after drying to achieve best results. 

A firing process useful for curing reactive coating formulations 3 and 4 from Table I is shown in Table II below: 



Table II 



Coating Firing 


Soak/Ramp 


Temperature (°C) 


Duration (hrs.) 


Soak 


Room Temp. 


0 


Ramp 


200 


1 


Ramp 


410 


7 


Ramp 


600 


6 


Ramp 


900 


5 


Ramp 


1100 


4 


Ramp 


1350 


11 


Ramp 


1400 


6 





EP 0 884 459 A2 






Table II (continued) 




Coating Firing 




Soak/Ramp 


Temperature (°C) 


Duration (hrs.) 


Soak 

Ramp 

Ramp 


1400 
1375 

Room Temp. 


7 
1 

I 13.5 



10 



15 



Se H. below reports density and therm* ^^IjSS^ «^ tonB °"" ^ 
sion values reported in Table III « ^«r^2S 5 (Soling expansion data, 
room temperature to 1 000°C. .nclud.ng both the heating ana 



20 



25 



Table III 


Coating Properties 






Coated Example # 


1 


2 


3 


4 


Bulk Density (g/cm3) 
Tnermal Expansion (x107/°C.) 


1.42 
24 


1.28 
20 


0.8 
11 


0.6 
11 
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.nasmuch as coatings having compositions like those d Ifcr mulahons , , and 
quite adequate. 

F^m pia 9 - Mou ntinn nf Sailed «"bstrates 

m ««M « oeneral. these methods »"<*• mpping '™™^Sa, enclosure consisting « » <*"*- 

% rfthe™ red coating, Machining may be carned^ut of the substrates produced ,n 

sanding whi.e rotating a ^•^^SS^ST aJge About 1 92-3.36mm provides a des.rab.e coatng 
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enclosures under the exhaust gas pressures commonly encountered in the automotive exhaust environment. 

For purposes of comparison, several ceramic honeycomb substrates not provided with barrier coatings are canned 
using the same canning procedure as employed above for the coated substrate samples. One group of uncoated hon- 
eycomb substrates, designated Group A. is provided with a double layer of Series 100 intumescent mat for canning, 

5 providing a combined mat weight of 6200g/m 2 between each substrate and its steel enclosure. Tourniquet compression 
to provide a compressed mat density of about 1 .1g/cm 3 is used for this sample group. 

A second group of substrates, designated Group B, is provided first with an insulating layer of non-intumescent mat, 
and then with a single layer of Series 100 intumescent mat. For this group, the non-intumescent mat selected is Fiber- 
max™ refractory fiber mat, commercially available from the Unifrax Company, Niagara Falls, NY and having a mat 

10 weight of SOOg/m 2 . Tourniquet shell closure to a mat compression level of 1700psi is used for canning these samples, 
since gap bulk density cannot readily be determined for the composite mat structure provided. 

As previously noted, the composite or "hybrid" wrapping approach used for canning the Group B substrates is 
designed to reduce intumescent mat damage from high substrate skin temperatures. Such mat damage can cause intu- 
mescent-mat-wrapped substrates like the Group A substrates to undergo reductions in mat compression, increasing 

15 the risk of substrate "push-out" after thermal aging in the automobile exhaust system environment. 



Example 3 - Mounted Substrate Performance 



Coated substrates provided in accordance with Example 1 , after mounting in enclosures in accordance with Exam- 
20 pie 2, are tested to measure mount characteristics important for performance in automotive exhaust applications. One 
such characteristic is that of mat temperature during converter operation, most importantly mat temperature at the mat/ 
converter interface where mat temperatures are the highest. A second characteristic is that of resistance to converter 
"push-out" after aging of the mounted samples in a simulated use environment. 

To measure mat/substrate interface temperatures in the mounted converters, thermocouples are positioned at the 
25 interfaces in representative samples from each group of canned substrates described in Example 2 during converter 
assembly. During later testing, each mounted substrate is heated to a typical operating temperature by means of a 
wound electrical resistance heating element positioned within the cell structure of the honeycomb, and the temperature 
at the mat/substrate interface is recorded. 

For the coated substrates, interface temperatures are determined both at locations of relatively thin barrier coating, 
30 e.g., where the coating is only on the order of 2mm in thickness, as well as at "thick" locations where the coating thick- 
nesses typically approach 3mm. In the case of uncoated substrate samples, variations in interface temperature are typ- 
ically due to uneven substrate heating, rather than to any effects of the mat insulation on the temperature measurement. 

Table IV below sets forth the results of interface temperature measurements collected from several heated con- 
verter samples made as above described. All temperatures reported in Table IV are average temperatures, determined 
35 in each case from three or more different locations several measurements typical of each sample configuration. 



Table IV 



Mat Interface Temperatures 


Comparative Examples 


Coated Substrate Examples 


Sample I.D. 


T(°C) 


Sample I.D. 


Thin T(°C) 


Thick T(°C) 


Group A, #1 


1005 


1 


930 


895 


Group A, #2 


1007 


2 


935 


876 


Group B, #1 


892 


3 


913 


914 


Group B, #2 


873 


4 


902 


911 



50 . i. 

As is apparent from the data reported in Table IV, the interface temperatures for the barrier-coated substrates are 
significantly lower than for the Group A substrates even in areas of relatively thin barrier coatings. In some cases, the 
barrier coatings are almost as effective in reducing interface temperatures as the Group B composite mat design, but 
without the complexity of structure and attendant manufacturing expense. 
55 The capability of a substrate mounting system to resist substrate "push-out" under high exhaust backpressure, par- 
ticularly after a considerable interval of use in a harsh exhaust environment, if of particular importance. In the laboratory, 
relative evaluations of this characteristic can be made based on the performance of mounted substrates following accel- 
erated thermal aging. Mounted converters are first subjected to an extended thermal cycling treatment, using the sub- 



7 



BNSDOCID: <EP 0884459 A2_l_> 



EP 0 884 459 A2 



10 



15 



20 



adverse effects of thermal aging on mount characteristics. an QVen main . 

To determine the resistance of the converters to SjSltamlSS aitemperature, a load is 
tained at 550°C and allowed to reach thermal ^SSLJSSSSSd until sEppage of the sub- 

A and Group B samples are averages of f ive sample ^ .n^^re shown in the Drawing, which 

are for individual measurements. Mprtt. ^'^^X^Ts^cu^ from the force required to 
Dlots shear strength values computed tor each of the different sample types a 
cm** axial movement of each mounted substrate within its mounting. 

TF , h i- v . M niir- Shear gf-rpnat-P . fr>fii> 

Group A Group B Example 1 Example 2 

Example 3 Example 4 

^ c, on 94 105 80 

UnAged 114 53 98 

Aged 18 35 33 

M shear strength in the uh-aged condiaor, due o the » rt «^^Sa?!l*ol *aa. sttength of any d the 

^^tffiffpSsssyw^s- — — » — — — 

due te the high substrate/mat "^«S!2S^SS aged shear strength levels when compared with the 

of the invention. Those Examples exhtb.t agedsh f^ 6 " 9 ^.^^^^ 9 jn comb ination with the simplifications in 

live and other high temperature process stream applications. 
Claims 

1 . A unitary. thermal-barrier-coated. ceramic hone/comb bedy which comprises: 

a tow expansion coram* honeycomb euppor, ineotporaM a ptu-ality o. «ough.hanne, S bounded by an 
S£ £us ,e*ae»,y merma. batriet cot*g dispoaed on and bonded to . leae, a porton o. me 
£££L* a Porosity and thidtnesa a, ieaa, au*.n. to pro** an oute, banier coating surface ten,, 
perature at least about 50°C. below the skin temperature. 
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2. A honeycomb body in accordance with claim 1 wherein the barrier coating is composed of a refractory ceramic 
selected from the group consisting of glasses, semicrystallized glasses, and crystalline ceramics. 

3. A honeycomb body in accordance with claim 2 wherein the refractory ceramic is formed from a material selected 
from the group consisting of powdered refractory glasses, mineral mixtures, crystalline ceramic powders and foam 
glasses. 

4. A honeycomb body in accordance with claim 3 wherein the material used to form the refractory ceramic comprises 
a pore-forming agent selected from the group consisting of oxidizable particulate fillers, ceramic blowing agents, 
and glass or ceramic microspheres. 

5. A honeycomb body in accordance with claim 2 wherein the barrier coating comprises a fiber reinforcement phase. 

6. A honeycomb body in accordance with claim 2 wherein the refractory ceramic is provided from a formulation 
selected from the group consisting of sinterable cordierite powder and reactive mixtures capable of interacting to 
form cordierite on firing. 

7. A honeycomb body in accordance with claim 1 wherein the coating has a thickness in the range of about 1-4 mm 
and a density in the range of about 0.5-1 .5 g/cm 3 . 

8. A mounted catalyst support assembly comprising: 

a ceramic honeycomb body incorporating a plurality of through-channels bounded by an external skin; 

an insulating porous refractory thermal barrier coating disposed on and bonded to at least a portion of the 

external skin; 

an enclosure incorporating a metal wall element for encasing and supporting the ceramic honeycomb body 
within the enclosure; and 

a layer of fiber support material disposed between at least a portion of the insulating porous refractory coating 
and the metal wall element. 

9. An assembly in accordance with claim 8 wherein the layer of fiber support material is an intumescent fiber mat 
layer. 

10. An assembly in accordance with claim 9 wherein the thermal barrier coating incorporates a recessed portion and 
wherein the intumescent fiber mat layer is at least partly disposed in the recessed portion. 
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(54) Coated catalytic converter substrates and mounts 



(57) Ceramic honeycombs used as catalyst sup- 
ports for combustion engine exhaust pollution control 
are provided with insulating porous refractory thermal 
barrier coatings (1 2) disposed on and bonded to at least 



a portion of the external skins of the honeycombs (1 0), 
reducing the outer barrier coating surface temperature 
to provide thermal protection for the resilient fiber sup- 
port materials (14) used to mount the supports in cata- 
lytic converter enclosures (16). 
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